The influence of Tuftsin, the synthetic phagocytosis-stimulating tetrapeptide (L-threonyl-Llysyl-L-prolyl-L-arginine), on the nitrous blue tetrazolium (NBT) reduction by human polymorphonuclear leukocytes was investigated. It was found that this substance increases the NBT reduction by approximately as much as endotoxin. Other tetrapeptides do not share this property. When Tuftsin analogs are added to the cell suspension and incubated, they prevent the action of both Tuftsin and endotoxin but not of methylene blue. When washed of the analogs, the cells regain the property to be activated by both Tuftsin and endotoxin. It appears that methylene blue on one hand and Tuftsin and endotoxin on the other hand have different sites for their actions. We suggest that whereas methylene blue diffuses into the cell and acts directly upon the hexosemonophosphate shunt activation, Tuftsin and endotoxin appear to act on the cell membrane binding to specific receptors. By treating the cells with Tuftsin analogs, we probably block these receptors. 
, and the biological action of this tetrapeptide was ascertained. Since the sera of splenectomized men (6) and dogs (7, 8) lack the stimulating effect of Tuftsin, it has been suggested that the spleen is the site of its production. Tuftsin acts in hormonelike quantities. In addition to enhancing particle ingestion, such as bacteria and latex, it also stimulates pinocytosis of radiolabeled albumin and enhances the motility and migration of polymorphonuclear leukocytes (PMN)' (5).
Published reports on Tuftsin have dealt with its effect on the phagocytic activity of the leukocyte. No reference whatever has been made to its possible influence on the bactericidal activity of the leukocyte. As reduction of nitrous blue tetrazolium (NBT) (9-11) is a well-known method of study of at least one important aspect of this bactericidal activity, we have investigated the effect of Tuftsin upon this process in human PMN. METHODS Preparation of Tuftsin and analog. Tuftsin (L-threonyl-L-lysyl-L-prolyl-L-arginine) was synthesized by two different methods2: in steps with dicyclohexylcarbodiimide as a coupling agent (12) , and in steps with the polymeric-reagents approach (13) . Both preparations were found to be identical and pure when analyzed by techniques such as elemental analysis, amino acid analysis, electrophoresis, and chromatography with various solvent systems. Both preparations showed identical biological activity.
Des'-threonyl-Tuftsin, alanyl'-Tuftsin, and W-nitro-Tuftsin were prepared by the polymeric reagents approach (13 (14) . The quantitative NBT reduction test. 25-nil samples of venous blood, donated by healthy young medical students, were collected in 30-ml disposable plastic tubes containing 50 U heparin/ml (Organon Inc., West Orange, N. J.). All samples were processed immediately after the venipuncture. 5 ml of 6% dextran (Fluka A. G., Basel, Switzerland) solution were added to each tube, and the mixture was allowed to settle for 1 h at room temperature. The next steps were strictly as described by Bachner and Nathan (9) All the above substances were dissolved in sterile phosphatebuffered saline, pH 7.4. After addition of 0.1 ml of 0.1% NBT (Sigma Chemical Co., Inc., St. Louis, Mo.) to each tube, the mixtures were incubated for 30 min at 370C. The reaction was stopped by addition of 10 ml 0.5 N HCl and centrifuged. The reduced NBT (formazan) was extracted in 3 ml pyridine (BDH Chemicals Ltd.) under a boiling water bath. The color intensity of the pyridine was determined in a Unicam 800 spectrophotometer (Unicam Instruments Ltd., Cambridge, England). Results were expressed as AOD of reduced NBT in 2.5 X 106 cells/30 min (calculated as the difference in OD between stimulated tubes and blanks). All reagents were prepared under strictly sterile conditions with Millipore filters (Millipore Corp., Bedford, Mass.) to avoid any particulate matter that might stimulate phagocytosis. 199 DISCUSSION The increase in the percentage of NBT-reducing leukocytes and of the total reduced dye is due to the activation of the hexosemonophosphate shunt (15) . This can be induced theoretically either by increased phagocytosis, as in latex-stimulated cells (9) , or by such direct activators as methylene blue, which acts without enhancing the phagocytic action (16) .
We have shown that Tuftsin acts like endotoxin. The effects of both can be prevented by blocking agents such as the Tuftsin analogs. When these are removed, the cells recover their reactivity to both Tuftsin and endotoxin. The effect of methylene blue, on the other hand, is not blocked by the analogs. The effect of blocking was previously demonstrated by Najjar and Constanopoulos (6), using a synthetic Tuftsin analog and a natural pathological inactive Tuftsin molecule found in a familial disorder of Tuftsin production.
Recent observations indicate that NBT is phagocytized by the cell as a complex (with fibrinogen and/or heparin) (17) . Whether Tuftsin acts as a stimulator of this phagocytosis or in some unknown way as a direct activator of the hexosemonophosphate shunt is not indicated by our experiments.
The influence of Tuftsin on C02 production by the hexosemonophosphate shunt activation is now under our investigation. This study will, we hope, resolve these contradictions. But whatever is the mode of action, our present observations confirm Najjar's conclusion that the simple tetrapeptide is an active substance and binds, probably by specific receptors, to the membrane of humoral PMNs.
